The maraging steel are considered ultra high strength due to its yield strength greater than 1400 MPa and are part of a set of advanced materials of interest for technological development, mainly for aeronautics and aerospace industry. For this purpose should submit good toughness, fatigue resistance and acceptable weldability. These steels are used in the aerospace industry as high-strength fasteners, engine casings and missiles, landing gear structures, among others. There are few studies of the process of laser welding of this material, making it important to study the feasibility of welding these steels. A comparison between the traditional welding processes (TIG-Tungsten Inert Gas and PAW-Weldding Plasma Arc) and the laser welding process (LBW -Laser Beam Welding) was performed. To evaluate the mechanical properties were used tensile and hardness tests by microindentation, showing that the maraging steel can be welded with little loss in mechanical properties, with advantages for the laser welding process. Microstructural characterization was performed by optic and scanning electron microscopy, showing that the fused and heat affected area in the process LBW is about 10 times lower that the area affected by heat by TIG and PAW process.
Introduction
The study ultra-high strength steels, in particular for the maraging steels, it is strategic. Beside the industry applications in general, ultra-high strength steels are wide employed in air defense system, like: aircraft components, rockets, missiles, ammunition, nuclear power generation and chemical industry. This steel is of great interest because it is one of the few materials that can combine high mechanical strength, excellent toughness, high temperature strength and corrosion resistance [1, 2, 3] .
Unlike strength steel with higher carbon, the maraging steels do not harden through tempering process and formation of hard phases such as martensite and bainite. In this type of steel, the element carbon is kept in lower levels, the family of maraging steel hardening by other process, the increases of the resistance occurs by the precipitation of intermetallic compounds during an aging treatment and can reach levels of yield strength in the range of 1400 to 2400 MPa [4] .
Another advantage is that before aging, while the steel is still in the annealed condition only, the formability is excellent. This fact gives rise to forming process manufacture, and then provides the final age-hardening, in the range of 450 -510 °C, with little dimensional variation. These features, combined with the high strength properties and fracture toughness, provide better properties to this family of steels, as compared with the high-resistance carbon steels (4, 5) .
The aging mechanism basically involves two processes, a short range ordering in the solid solution with cobalt and the second that is responsible for a high resistance gain occurs by precipitation of intermetallics process formation [5] . Among the main precipitated intermetallic compounds are the Ni3Mo and Ni3Ti that nucleate next dislocation and martensite laths. Cobalt element does not form a precipitate but contributes to the aging reaction indirectly in a phenomenon known as cobalt/molybdenum interaction. A Ni3Mo precipitate thinner and dispersed is obtained when cobalt is added [4] . Liewellyn and Hudd [6] showed that the addition of cobalt can raise levels of hardness of maraging steel.
Some studies [7, 8, 9] had demonstrated that the maraging steel martensite could revert to austenite during ageing. This martensite is a metastable and if enough temperature and time are given during ageing, a percentage of martensite may be transformed into ferrite and austenite. The austenite is enriched on nickel, since solubility of nickel is higher in austenite than in ferrite. After cooling, the reverted austenite remains stable if its nickel content is sufficiently high [10] .
Austenite reversion in maraging steel is usually seen in the fusion zone of welds. During solidification, segregation may occur into the interdendritic spaces [11] .
The reverted austenite formed in the interdendritic areas is not hardened by ageing, having inferior strength and hardness compared to the aged martensite and would require a subsequent heat treatment to try to recover the mechanical properties of this region [12] .
The maraging steel is usually welded though Gas Tungsten Arc Welding (GTAW) and Plasma Arc Welding (PAW) with filler additions [13, 14] , in fact the maraging steels have demonstrated good weldability in a variety of welding techniques, including laser welding. The low wavelength of the high power fiber lasers allows its absorption for all metal and alloys, making then a good option for deep penetration welding [15, 16] .
New technologies in ultra-high strength steels are in development in Brazil, there are a tendency for replacement of AISI 4340 and 300 M steels by maraging steel is currently taking place. The union plates by welding processes are of fundamental importance in aeronautical and industrial products in general [17, 18] .
In this work, we studied the welding process of maraging steel 300 for three different routes: Laser Beam Welding (LBW), Tungsten Inert Gas (TIG) and Plasma Arc Welding (PAW). The laser process has been considered as potentially important to replace traditional welding methods.
Experimental procedures

Material
The maraging 300 steel sheet used in this work was produced by the VAR process has been provided by Böhler with dimensions of 1000 x 3200 x 3.3 mm in hot rolled and annealed condition. The chemical composition is shown in Table 1 . Welding laser process was performed by autogenous way, in this case, it was not used filler. In the PAW and TIG welding process, filler has been employed, and chemical composition of filler is shown in Table1. 
Procedure
For the laser welding a 2 kW continuous wave fiber laser produced by IPG Co. was used. The laser radiation is generated in 50 μm diameter fiber doped with ytterbium. The doped fiber is connected to a process fiber with 100 μm diameter and 10 m long, which is then connected to an Optoskand processing head. The focal length was 157 mm with a minimum spot diameter of 100 μm. Pure argon gas at 30 l/min flow rate has been used to protect the sample against oxidation. The protection gas was delivered through a rounded copper tube of 3 mm internal diameter directly over the irradiated area. The samples movement was effected over a CNC table.
In the welding laser based on previous experiments, it was used laser scanning speed of 180 cm/min and laser power of 1800 W, focused on sample surface and using argon at 30 l/min as shielding gas [10] .
In welding joints through PAW and TIG process, MERKLE BALMER model Insquare P 421, plasma module MERKLE BALMER model PT 11, wire feeder BMI STA/GTAW and longitudinal welding device using direct DC weld equipment was used. The TIG welding process was carried out manually by a skilled welder. The parameters used in PAW and TIG process were specified in Table 2 . Specimens for tensile tests have been cut out from the welded plates according to the standard ASTM E8. The tensile tests welded specimens, for each welding process were divided into two groups -without heat treatment and aging heat treatment. For the aging heat treatment, a temperature of 480ºC was used and the samples remained at this temperature for 3 hours and were cooled in air.
The microstructure of the welded samples were analysed by optical microscopy (Zeiss Epiphot 2000), using the following etching reagents: I) modified Fry (150ml H2O, 50ml HCl, 25ml HNO3 and 1g CuCl2), II) Nital 5% and III) sodium metabisulfite solution (10g in 100 ml H20). Microstructure images were also obtained by Scanning Electron Microscope.
Microhardness measurements for samples with and without heat treatments characterized the fusion and heat affected zones. The measurements were carried out using a Vickers microhardness tester (Future-Tech FM-700) using 100 gf loads for 10 s. Measurements have been done in a traverse cut of the weld bead at 0.5 mm from the weld face and 0.1 mm between indentations. Figure 1 .a shows the initial microstructure typical of a maraging steel solutionised, with low hardness martensite, having a hardness of around 380 HV, the grain size found under the ASTM E112 was 8.9. Figure 1 .b shows the microstructure after aged at 480 °C for three hours, the hardness increased to about 600 HV. After welding of maraging steel, three different regions are identified: fused zone (FZ), the heat affected zone (HAZ) and base material (BM -region unmodified heat). Figure 2 shows the welds made by the three suggested methods. It notes that the regions formed by FZ and HAZ due to laser welding (LBW)(b) is about 10 times lower than the same regions formed by the PAW(a) or TIG(c) welding process. In the fused zone occurred martensite formation and dendritic structure due to fusion and subsequent cooling. The images in Figure 3 show the fused zone (FZ) in each of the three welding processes used.
Results an Discuss
Microstructure and hardness
The hardness of the base material is about 380 HV, the fused zone a slightly lower hardness has been found, around 350 HV for the three welding processes used. This reduction occurs because the formation of martensite with low hardness and also due to the formation of reverted austenite, which stabilizes at regions of greatest concentration of solutes in dendritic regions, fig. 4 shows the presence of austenite (γ) in FZ. After aging there is a substantial increase in the hardness value, reaching about 545 HV in the PAW welding process, to 520 HV in the TIG process and about 580 HV in the LBW weld. In the HAZ near the FZ an important phenomenon occurs, the grain growth due to the heating and the rupture usually starts in this region. Microhardness measurements performed on welded samples show that there is a reduction in hardness in the FZ. In steel welded by PAW and TIG process, due to extension of the HAZ, there is also a hardness decrease in this region. After the aging heat treatment takes place in the hardness values in the HAZ and ZF after recovery were found to be smaller than for the base material. After aging, hardness levels were similar for TIG and PAW welding and somewhat lower for LBW welding, especially in the fused zone, as seen in Fig. 5 . The results obtained in the tensile tests are shown in Table 3 . Note that there was not a large difference between the yield and strength limit found by three kinds of welding used in this study. Similarly, the steel ductility is kept even after the welding process. This fact proves the good weldability observed for this class of steel. The analysis of the fracture surfaces shows that these in a ductile way, forming dimples ( Fig.6.b) . Due to lower hardness in the fused zone (FZ) or in heat affected zone (HAZ) next FZ, in most cases, rupture started in this region and subsequently propagated until the final rupture (Fig.6.b) . This occurrence is shown in Fig. 6 for the maraging steel welded by PAW process, the fracture surface was similar for the three types of welding used. 
Conclusions
1. The three methods used for welding were effective for the maraging steel 300, it is however essential to perform the aging after the welding process.
2. The reduction in yield and tensile strength were lower than 5% due to the welding process with loss of about 20% in ductility.
3. The reduction in tensile strength values can be associated with formation of austenite in fused zone during the welding process.
4. During the fracture the rupture was generally initiated at the interface between the fused zone and heat affected zone, spreading into the region of lower hardness of steel.
5. Despite the HAZ and FZ produced by TIG and PAW welding processes is larger than those produced by the LBW process this difference does not affect the mechanical properties of the maraging steel.
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